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Abstract

The study was aimed to develop a technology for effective and safe cleaning and
phytoremediation of heavily rocky oil-contaminated soil. The use of mechanical cleaning technology
seemed rational, since it did not require special costs for soil removal and its transportation.
Surfactants and other substances are used to clean soil from oil contamination. It was proposed to use
surfactants intended for widespread use in industry because they sufficiently studied and available.
Sokolan surfactant and defoamer AF 5503 were the least toxic for further soil remediation.
The technology for cleaning of oil-contaminated soil involves their introduction into the apparatus for
more efficient separation of oil components from contaminated soil. The preparations will not
contribute to the toxicity of wastewater and washed soil during further remediation of the fertile soil
layer. The use of green manure can improve the condition of soils and create prerequisites for the
development of microflora involved in the transformation of oil products in the soil. Oil has a
detrimental effect on the growth dynamics of sunflower cotyledons and stems.

Mustard seeds showed the best germination. In addition, wheat, amaranth, oats and barley
survived in oil-contaminated soil, and they can be used for phytoremediation. Mustard and oats are
better adapted to the conditions of heavily stony, oil-contaminated soil. It is recommended to
simultaneously sow oats and white mustard into the straw. It is necessary to carry out pre-sowing
treatment of seeds with the solution of Lignohumate brand B potassium, consumption rate is
0.5 1/t, working solution consumption is 10-15 1/t. The seed material treatment will significantly
enhance the growth and development of the plant root system in the first stages of ontogenesis.
Itis not recommended to apply mineral fertilizers before sowing, but fertilizing with mineral

* Corresponding author
E-mail addresses: nefedieva@rambler.ru (E.E. Nefed’eva)
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fertilizers can be carried out during the growing season. It is possible to use the solid fraction of
municipal wastewater as organomineral fertilizers.

Keywords: Triticum aestivum, Avena sativa, Hordeum vulgare, Sinapis alba, Amaranthus
albus, rocky soil, soil washing in drums, surfactants.

1. BBegenue

HedTtsr m mpoaykThl ee mepepabOTKH SBJISIOTCA PaCIpPOCTPAaHEHHBIMHU IOJUIFOTAHTAMH
(Abdulkarim, Abdulla, 2022). HedtsHble 3arps3HeHHs O00OHAPY:KHUBAIOTCSI B BOJHBIX OOBEKTaX,
MOYBax, Jierkye (GppaKIuy MPU Pa3IUBaXxX yJIETYyIUBAIOTCS B aTMOChEPHBINA Bo3tyX. CaMOOUHIIieHEe
6mocdepsnl oT HedTe3arpsA3HEeHUN MIPOUCXO/IUT 6s1aromaps MHUKPOOpPTaHU3MaM-
HedTenecrpykropam (KosortoBa, 2020; KenToOpioxoB, 2016), 3a cUeT WCHapeHUs, PacTEKaHUs,
aOMOTeHHOTO OKHCJIEHUs U JIPYTUX IporieccoB. OHAKO, Aerpajianus HedTEeNPOAYKTOB B IIPUPO/IE
nporekaeT MeyieHHO (OKoJeoBa, 2020).

VY mouBbl, 3arpsA3HEHHON HepTENPOAYKTAMH, CHIKAETCS ILJIOZIOPO/Ie KaK M3-3a TOKCUYHOCTH
HedrenpoaykToB (Okolelova et al., 2021), Tak 1 u3-3a co3zaBaeMoro UMu aHaspobuosa (OKoJieoBa,
2022 a; JKeroOproxoB, 2019). 3aTpyIHUTEIbHA KOPPEKTHAsI OIIEHKA COJIe’KaHUsI HepTEPOIYKTOB B
mouBe (Okolelova et al., 2020). OgauM U3 pe3ysabTaTOB HEDTIHOTO 3arps3HEHUs IOYBHI OyzeT
yrHeTeHHe pacTeHui Ha nanHou Teppuropu (Tutarashvili et al., 2021, JKenro6proxos, 2016).

M3BeCTHO MHOKECTBO CIIOCOOOB OYHCTKU U peMeauaIu HedTe3arpsi3HEHHBIX ITOYB, B TOM
YucIe ¢ TOMOIIBI0 MeXaHUYECKUX, (PU3UKO-XUMHUYECKUX, OMOJIOTHYECKUX U arpPOXUMUYECKUX
METO/IOB, KOTOpbI€ BBIOUPAIOTCS C YYETOM KOJIMUECTBA U COCTaBa 3arps3HUTENsI, a TaKKe
ocobeHHOCTeH 3arpsa3HeHHOU Tepputopun (Michael-Igolima et al., 2022).

MeTo/T MEXaHHWYECKOU OUYHMCTKHA CHJIbHOKAMEHHCTOTO TPyHTa OT HedTe3arpsa3HuTesIen
CUYHUTAETCS OJHUM U3 HEJOCTATOUHO M3YyUEHHBIX U, CJIE0BATEIFHO, IIEPCIIEKTUBHLIX. [IpuMeHeHne
TEXHOJIOTHH MEeXaHWYeCKOH OYHCTKH B JAHHOM CJIydae 3aTPYyAHUTEJIbHO U TpebyeT 0cob60Tro
IIO/IX0/1a U3-3a MMPOYHOCTH I'PYHTA.

PekysnbTUBanyisi — 35TO KOMIUIEKC pabOT, HampaBJeHHbI Ha BOCCTAaHOBJIEHHE
MPOAYKTUBHOCTH HapyIIEHHBIX 3eMeJIb, a TaK)Ke Ha YJIydllleHHe YCJIOBHH OKPY’KAIOIIeH Cpesbl.
[Tox pekyabTUBaIed ITOHUMAaeTCs KOMIUIEKC Mep, HalpaBJIeHHBIX Ha BOCCTAHOBJIEHUE
MIPUPOJHBIX OOBEKTOB, HAPYIIEHHBIX B pe3yJIbTaTe IPUPOIHOXO3AHUCTBEHHOU J1eATETbHOCTH
yesioBeka. [Iporiecc ynaneHus: pa3auTold HedTU U HePTEIPOAYKTOB TPEOYET TOBOJBHO CJIOKHOU
TEXHOJIOTMM KaK IPU IIOJITOTOBKE 3arpsA3HEHHOTO YYacTKa K PEeKYJIbTHUBAIlMH, TaK WU TIPU
IIpOBeIeHUH caMoro Iporiecca (OkosienoBa, 2022b).

AHaM3 JIUTEpATYyPHBIX HMCTOYHUKOB ITO3BOJIWJI OIIPEJIEJINTh HanbOoJiee IepPCHeKTHBHbIE
HaIIpaBJIeHUsT U WCCJENOBAHUS W Pealn30BaTh MX B OJKCIEPUMEHTAJbHOW paboTe, a MMEHHO
MIPEJVIOKUTh HanuboJsiee MEePCIEKTUBHBIA METOJT OYHCTKU CHJIBHOKAMEHHCTOTO TPYHTa, KOTOPBIM
SIBJISIETCSI MEXaHUYeCKasi OUKMCTKA C U3bSITUEM 3arPA3HEHHON ITOYBHI U MTOC/IEAYIONEN OUHCTKOMH.

B 3amauy uccyiezioBaHusA BXOAMIa pa3paboTKa MeTo[a OUMCTKY CHJIbHOKAMEHHCTOTO TPYHTA OT
He(dTe3arpsizHuTeNed. [IprMeHeHre TEXHOJIOTUH MEXaHUYECKOW OYUCTKH IMPEICTABIIETCS B JIAHHOM
CJlydae paruoHaJIbHBIM, ITOCKOJIBKY He TpebyeT 0coObIX 3aTpaT Ha U3bBATHE TIOYBBI U €€
TPaHCIIOPTUPOBKY. MUHUMH3AIMA O0BbEMA HU3BSATOTO TPYHTA IO3BOJIAET ONTHMH3UPOBATh O0BEM
TPaHCIIOPTUPYEMBIX MarepuayioB. CiieZlyeT MMeTb B BHJY, UTO HU3bATHE 3€METb MOXKET BBI3BATh
HUCKaKeHHe MOP(OJIOTUYECKOU CTPYKTYPhI 00pabaThIBaéMOr0 YyYacTKa W HapYIIEHUs TeYeHUs KakK
IMOBEPXHOCTHBIX, TaK U TOA3EMHBIX BOJI. TeM He MeHee, M3OJIAIUs U 00pabOTKA 3arpsi3HEHHBIX
MaTepHuaioB BHE ydacTKa ITO3BOJISIIOT MPUMEHSTH 0oJiee CJIOKHBIE MPUEMBbI 00pabOTKH, KOTOpPbBIE
MOTYT OBITh Oosiee 3(GEKTUBHBIMU U OBICTPOAEHCTBYIOIIMMU, a TakKe Oosiee GE30MMacHBIMH IS
TPYHTOBBIX BOJI, >KHBOTHOTO M PACTUTEJIBHOTO MUPa, MECTHBIX JKUTEJIEH.

Ilestb HACTOSAINErO0 WCCJIEIOBAaHUA — Ha OCHOBE TEOPETUYECKUX M OSKCIEPUMEHTAJIbHBIX
HCCJIEJIOBAHUN  TPEMJIOKUTh  TEXHOJOTHI0 BG@EeKTUBHOM U  0e30MacHOM OUYHCTKH U
duTopemMeauaIy CHIIbHOKAMEHHUCTOTO HedTe3arpsi3HEHHOTO IPYHTA.

B cBs3u c BHIOpAaHHOU TEXHOJIOTHEH OYKCTKH CHUJIbHOKAMEHUCTOTO TPYHTa HEOOXOIUMO
BBITIOJTHUTD CJIEAYIOIIHE 3a/1aUX UCCIIE/IOBAHMA:

1. Pa3paboTka TEXHOJIOTMHM MEXaHWYECKOH OYMCTKA CHJIbHOKAMEHHCTOTO TPyHTa OT
HedTe3arpA3HUTENEN.

2. OmeHKa BO3MOXKHOCTH IpuMmeHeHHs [IAB u meHoracuresiell mpu OYHCTKE TPyHTa OT
HedTe3arpA3HUTENEN.

52




Biogeosystem Technique. 2023. 10(2)

3. OneHka KauecTBa IIOJIY4YE€HHOT'O ITPOJYKTaA.
4. Hpe,ZUIO}KEHI/Ie MepOHpI/IHTI/Iﬁ I10 PEKYJIbTUBAIIUU CUJIbBHOKAMEHHUCTOT'O I'PyHTA.

2. MeToauka uccjie0BaHUH

CeMeHa TBepIOH MIIIEHUIIBI U SIPOBOTO sTYMeHsI oOpabaThiBayiu nieHoracutesieM Af 5503, IlenTa
u ITAB Sokolan 1o cxeme: /103a IIpernapara cocTapiisiia O (KOHTPOJIb); 50; 100; 250 T/T CEMsH.

Af 5503 mnpuMeHsieTcss B KadecTBe aHTHBCIIeHUBaTesss (meHoracutens), Gopmysa
C,H,0.(C53HeO)n.

ITenoracurens «IleHTa» 465 — CaMOAMYJIBTUPYIOIIUUCA IE€HOTACAIIUN KOHIIEHTPAT
KPEMHUHAOPTaHUYECKUX OJIUroMepoB ¢ fobasineHuem ITAB. KpemHuiiopraHudeckue OJUTOMEPHI
00pa3yoT MPOCTPAHCTBEHHYIO CTPYKTYpy OJIOK-COMOIMMeEpa, B KOTOPBIX HaJIM4YUe CBA3ed
XUMHYECKUX CBSI3eH MexAy OJiokaMu OOyCIaBJIHMBaeT HMX YCTOWYHBOCTH M IIPEAOTBpAIaeT
paccjioeHue C BbIJIEJIEHUEM OT/IeJIbHBIX KOMIIOHEHTOB. IleHoracwTesib pacreKaeTcsi IIo
IMOBEPXHOCTU IEHHOW IUIEHKH W BBITAJIKHBAET U3 Hee CJIOHM JKHIKOCTH, BBI3bIBAs YTOHUYEHUE
IUIEHKH BIUIOTh JI0 €e pa3pbiBa. PacTekaHuWe II0 IOBEPXHOCTH obeciieunBaeTrcs Osiarozaps
BBeieHUI0 [IAB, oOpazyroliue B BO/Ie JIUCIIEPCUH.

19600 xummueckas ¢opmyna: H(O-CH2-CH.)n-OH — nOJHUSTUIIEHITIUKOIb, SABJISETCS
MPOAYKTOM IIOJIMMEPU3AINY OKHCH 3THJIEHA C STHJIEHIVINKOJIeM. Mcrob3yeTcs: B (papMaKoJIoTHH,
KOCMETOJIOTUM, B  IIPOW3BOJCTBE  MOIOIIUX  CPEJCTB,  TEKCTHWJIBHOW,  KaydyKOBOW,
MeTaJI000pabaTHIBAIOIIEH U IPYTUX OTPACIISX IIPOMBIIILIEHHOCTH.

UccenemoBas BiWSHUE BBINIETIEPEYNCIEHHBIX IIPENAapaToOB HAa BCXOXKECTh IIIIEHUITBI
msATko# o3umoii (Triticum aestivum L.) copta Bectaumna u ssumens: siposoro (Hordeum vulgare
L.) copra [Joneunkwuii 8, xoropyio ompezgensiim mo I'OCT 12038-84 Ha 7 cyTku. 3epHOBKH
MIPOpAIIUBAIA PYJIOHHBIM METOJIOM B TeMHOTe Iipu Temueparype 20°C. JKCIepUMEHTHI
MIPOBOJIWJIN B 4-KPaTHOU MMOBTOPHOCTH.

K HOpMaJIbHO MPOPOCIIMM OTHOCAT CeMeHa, MMeIOIKe 3/I0POBbIN BU/I, UMEIOIe HE MeHee
JIBYX HOPMAaJIbHO Pa3BUTHIX KOPEIIKOB pazMepoM 0oJiee JJTUHBI CEMEHU M POCTOK Pa3MepoM He
MeHee IIOJIOBUHBI €ro JUIMHBI € IPOCMATPUBAIOIIUMUCSA TIEPBUYHBIMU JIUCTOUYKAMH,
3aHUMAIOIIUMU HE MeHee TI0JIOBUHBI IVTMHBI KOJIEOTITHIIA.

K HenpopociiM ceMeHaM OTHOCAT HaOYXIIIMe ceMeHa, KOTOPble K MOMEHTY yJeTa BCXOKECTH He
IIPOPOCJIN, TBEPAbIE CEMEHA, KOTOpble He HAOYX/IM U He M3MEHWIN BHEIIHEro BUa. K HEBCXOKUM
CeMeHaM OTHOCSAT 3arHUBIINE CEeMEHA C PAa3JIOKUBIIUMCS SHAOCIEPMOM, IOYEPHEBIIUM WJIH
3aTHUBIIMM 3aPOBIIIEM H ITIPOPOCTKU C YACTHYHO WU TIOJTHOCTHIO 3aTHUBIIIMMH YaCTSIMHU.

AHOMaAJIIPHO (HEHOPDMAJIBHO) TPOPOCIINE CeMeHa HWMEIOT HapylleHHs B Pa3BUTUU
IIPOPOCTKOB: HET 3aPO/IBIIIIEBBIX KOPEIIKOB WJIM UX MEHbIIle HOPMbI, WJI OHU KOPOTKHE, cIa0ble,
3aKpy4YeHHbIE, BOJSHHCTBIE; KOJIEONTWIb IIyCTOM, WMeEEeT TPENUHy, KOpOYe JINCTHEB,
ne(OpMUpPOBAHHBIN, OTCYTCTBYET; IIEPBUYHBIE JIMCTOYKH 3aHUMAIOT MEHbBIIE IIOJIOBUHBI
KOJIEONITWISL WX O0ecliBeYeHbl, pas/pobJieHbl WU pacllelvieHbl, BepeTeHOOOpa3HbIe,
BOJSTHUCTBIE, C KOPOTKUMH 3aPOBIIIEBBIMU KOPEIIKAMHU.

i1 mpoBeieHUs HKCIIEPUMEHTA IO OlleHKEe TOKCUYHOCTU KOMIIOHEHTOB He(TH B TpPYHTE
OBLIN TOATOTOBJIEHBI 00pa3lbl KAMEHHUCTOTO CUJIBHO VIUIOTHEHHOTO rpyHTa. KpymHbIN rpaBuit
BBIKJIAJIBIBIN HA TOHKUH CJIOH MecKa, 3aTeM 3aChIIaId CMeChIO IIecKa U IeMEHTa 1 : 5, YBIaXKHAIU
BOJIOU M3 ITyJIbBEPHU3ATOpA, 3aTE€M YKJIAJIbIBAJIM MEJKUU TpaBuil. Bo Bcex obpasiax ypaBHUBAIU
Maccy TpaBHs, IecKa U [ieMeHTa.

B xoHTpOIbHBIE 00pa31bl TPYHTA HE BHOCHIN HedTh. B onbITHBIE 00pa3Ipl ObLIa 06aBIEHA
cpipas HeTh C pacyeToM, UyTOObI ee KOHIIEHTPAIUs COCTaBJsla 3 T/Kr rpyHTa. HeoOxomumbIi
o0beM He(TH TIATETBHO IEPEMEININBAIN C YUCTBIM CYyXHUM PEYHBIM IIECKOM H PaBHOMEPHO
BHOCWJIK B TPYHT. B KOHTpoOJIbHBIE OOpa3Ibl BHOCHMJIM YHCTHIA TecoK. Maccy Iepcka BO Bcex
obOpas1iax ypaBHUBAJIH.

Ha npuroroBsieHHBIN TPYHT OBLIIM BBICESAHBI CeMeHa IIIEeHUIIb, T0/ICOTHEYHUKA, IUPHILHI,
ropuuilpl 0eJiof, fAYMeHs, OBca IPU PA3JIUYHBIX YCIOBUAX. JJIA  yJIydllleHUusa YCJIOBUM
KyJIbTUBUPOBAHUSA B TPYHT ObLJIM BHECEHBI BAYKHEUIIINE MAaKPOA3JIEMEHTHI /IS TUTAHUA PACTEHUU.
JKCIIEPUMEHT IIPOBOAWIIU B 4 IOBTOPHOCTAX. Pe3ypTaThl mpuBe/ieHsb! B Tabiurie 1.

PesysnpraTel  mojiBeprajiii  CTAaTHUCTUYECKON  00paboTke. PaccuuThiBaIu  CpeHION0
apudmermueckyto (M), cpenHee KBaJipaTUYECKOE OTKJIOHEHUE, OINMHOKY penpe3eHTaTUBHOCTH
cpequet apudmermdyeckort (m), kpurepuii CrbiogeHTa. OIEHKY JIOCTOBEPDHOCTH Pa3HUIIBI
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IIPOBOJIWJIM C MOMOIIBIO CPABHEHUs ITOJIyUeHHOTO 3HAU€HUs CO CTAHJIAPTHBIM ten. Pe3yJIbTaTel
IIpUBE/IeHbI HA PUCYHKaX B BuzAe M+m.

3. Pe3ysabTaThl M 00CyXKAEHUE

ITABBI, cypdakTaHThl U APYTUE BEIECTBA UCIIOJIb3YIOTCS /JIs OUUCTKU ITOYBBI OT He(TIHBIX
3arpsas3HeHud (Rumin et al., 2022; Fanaei et al., 2020). Bsu10 npeasiokeHo ucnob30BaTh [1ABHI,
MpUMeHsIEMbIE JIJISI ITPOM3BOJICTBA XUMHYECKHUX CPEJICTB B3alllUThl PACTEeHUH, B CBSA3H C UX
JIOCTaTOYHOU U3YYEHHOCTHIO U JIOCTYITHOCTBIO.

Heobxomumo oTtoOparh HamMeHee TOKCHYHbIe IIAB u meHoracwTen b JUIsi IPOMBIBKH
HedTe3arpsa3HeHHOU ouBbl. Ha ocHOBaHMM onbITOB cpaBHUTH [TAB II9T" 600 u Sokolan, a Takxke
neHoracutenu AF 5503 u Ilenta 465. HaummeHee Tokcuunblie I[IAB u meHoracurenb OyayT
HUCIIOJIB30BAHBI B TEXHOJIOTUH OYHUCTKHU HedTe3arpsA3HEHHOTO CUJIbHOKaMeHucToro rpyHTa. IIAB —
XAMHUYECKOe  COeJIMHEHHe, KOTOpOe,  KOHIIEHTPUPYsACh HA  IOBEPXHOCTH  pasjesa
TEPMOJIMHAMUUYECKUX a3, BbI3BIBAET CHIKEHHUE IIOBEPXHOCTHOTO HATsKeHUA. Pe3yabTaThl
npejcrabiieHbl HA PrucyHke 1 u Pucynke 2.
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Puc. 1. Biausuue nenoracureneii AF 5503, Ilenta 465 u ITAB IIDT 600 Sokolan na
BCXOKecTh IeHuIlb! (A) u sumens (B)

Af 5503 He yrHeTas BCXOXKeCTh sTuMeHsA. [1010KUTETbHO JAEHCTBOBA HA BCXOXKECTb, JJIUHY
mo6eroB M KOpHEH sSuMeHs B /103€ 50 T/T CeMsAH, OJHAKO BJIUSHHUE ero ObLI0 HEe3HAYUTEJIHHO.
Bmecrte ¢ Tem, Af5503 IPUBOIUIT K CYIIIECTBEHHOMY TOPMOKEHUIO POCTA MIIEHUIBI, ITOJAaBJIEHUIO
BcxorkecTH. Kak mpaBwio, sUMeHb MPOSBIISIET Topaszo 0osiee BBIPAKEHHYI YCTOUYHUBOCTH K
XUMUYECKUM U IPOYHM BO3/IEHCTBUAM, UEM IIIIEHUIIA.

[lenTa 465 He 3amUIIaT OT MOTEMHEHUM, HE YIHETAJ BCXOXKECTh SAYMEHS U MIIEHUIIbI,
He BJIMSUI HA JIJIUHY KOPHEeU U 1o6eroB suMeHsd. B 103e 50 /T ceMAH eHOracuTe b CTUMYJTUPOBAIT
POCT U IPOpACTaHUE CeMAH IIITEeHUIIBI.

II3T" 600 MOKeT OKa3bIBaTh HEKOTOPOE yTHETAIOIIee JIEUCTBUE M0 OTHOIIEHUIO K ceMeHaM
MIIIEHUIIHI ¥, B MEHBIIIEN CTeIeH!, TUMEHS.
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Puc. 2. Bimsaue neHoracuresneir AF 5503, Ilenta 465 u ITAB II3T" 600, Sokolan Ha poct
IIPOPOCTKOB MeHuIlsbl (A — 3 cyt, b — 7 ¢yr) u ssumens (B — 3 cyr, I' — 7 cyT)
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ITAB Sokolan moJi0KUTETPHO BJIMSJI Ha BCXOXKECTh, JJIMHY ITOOETrOB M KOPHEH MIIEHUIIBI
(omrumasibHas 1032 50 T/T ceMsH). Sokolan He MPUBOAMI K TOPMOKEHHUIO POCTa STUMEHs], HO U He
CII0COOCTBOBAJT €T0 SIBHON CTUMYJISIITHH.

Ha ocHOBaHUM TIpOBEZIEHHBIX SKCIEPUMEHTAIbHBIX uccaenoBanuii [IAB Sokolan wu
neHoracuteb AF 5503 SIBJIAIOTCS MeHee TOKCHYHBIMHU JJIs JaJbHEHIIel peKyJIbTHBAIIUU TIOYB.
Uccnepyemble IIAB u mneHoracuresin NOpefHAa3HA4YeHBl [UIA IMIHUPOKOTO HCIOJb30BAHUA B
MIPOMBINILJIEHHOCTA. TEeXHOJIOTHUSI OYMCTKA HedTe3arpsA3HEHHOTO0 TPYHTa IpeaycMaTpPUBAaeT HX
BBeZIeHUE B ammapar. 9To Oy/ieT crmocoOcTBoBaTh O6osiee 3¢ ¢GeKTUBHOMY OT/IEJIEHHI0 KOMIIOHEHTOB
He(TH OT 3arPsA3HEHHOTO IPYHTA U 00JIErYHT Iporiecc mpoMbIBKU. [Ipenapatst Sokolan u AF 5503
He OyZyT BHOCUTH BKJIAJ B TOKCUYHOCTh CTOUHBIX BOJ W OTMBITOTO TPYHTa IpPHU JaTbHEHIIeH
PEKYIbTUBAIINH IIOIOPOHOTO CJIOS TOYBHI.

ACCOPTHMEHT pacTeHHH, IPUMEHSEMBIX I PEeKyJIbTUBAIMH HedTe3arpsi3HEHHOTO TPYHTA,
cJIelyeT COCTaBJATh, onmupasich Ha Teopetuueckue (Nefed'eva et al., 2020; Abdallah et al., 2022;
TyrapamBuiu, 2021, Obi-Iyeke, 2022) 1 skcnepuMeHTaIbHBIE JaHHBIE. [[pUMeHeHNE CUIEPATOB
MO3BOJISET YJIYYIIUTh COCTOSHHUE IIOYB M CO37JaTh YCJIOBHA JUISI PAa3BUTHSA MHUKPOQJIOPHI,
ydacTByloleld B TpanchopMmaruu HedrenpoaykToB B mouBe (Kamisa, 2023; Kaplya et al., 2022;
Hedenvena, 2017; Lopez-Echartea et al., 2020).

JIydIiryro BCXOKECTh CITyCTs 2 HeJIeJIU II0CJIe IT0CeBa IIOKA3a/Ii ceMeHa TOPYHIIbl B CDABHEHU U
YHCTOTO U 3aTpsiI3HEHHOTO HedThIo rpyHTa (Tabmuma 1).

Tao6una 1. BeDkruBaeMocTh ceMsAH Ha KAMEHUCTOM CHJIBHO YIUIOTHEHHOM TPYHTE

Kyastypa KoxTpoJasb I'pynr, 3arpsisHensbii | HCP
He(DTHIO
2 Hesleu 4 HeJenu 2 HeleIu 4 HeJenau
[Tmrenuna 50,0 55,0 35,0 65,0 0,5
Topuwuria 6enas | 56,1 62,7 66,0 62,7 0,5
IlopconHeyHuk | 100,0 100,0 50,0 50,0 0,7
[Mupura 52,8 52,0 51,6 50,8 0,4
Osec 70,0 70,0 65,0 65,0 0,6
Aamenp 62,7 62,5 61,9 66,0 0,6

Hedrtb, mpucyrcTByIOmas B IMOYBE, OKA3bIBAET IMAryOHOe BJIMSIHHE HA JAUHAMHUKY POCTa
cemsiosied u crebss mojcoHedHUKa.Cryctss 4 Hemenun (Tabiuia 1) 3€epHOBKU  IIIEHUITBI
MIPO/I0JI>KAJIU IIPOpAcTaTh, IpUuueM Ha HepTe3arpsA3HEHHOM I'PYHTe UX IPOpAcTaHUe 3aMe|JINIOCh,
a BBDKMBAEMOCTh He CHHU3WJIACh. BBICOKYI0O UYBCTBUTEJIBHOCTh K HedTU HIPOSABUI TOJBKO
nozicosiHeuHuK. OcTasibHblE BUJBI MOXKHO HCIOJIB30BaTh I peMenuanuu HedTe3arpA3HEHHBIX
TPYHTOB MOCJIe TIPEeIBAPUTEIBHON OUHCTKH.

J1151 IpoBeZieHNs BTOPOH YacTU SKCIEePHUMEHTA ObLII OAITOTOBJIEH CUJIBHOKAMEHUCTBIN IPYHT
(PrcyHOK 3) MO aHJIOTUYHON METO/INKE, a TaKXKe ObLI HCITOJIb30BaH JJIs1 CPaBHEHUS TOP®.

[TonoBuHY 00pa3lOB TPyHTa OCTABJsIN Oe3 BHeceHUs HedTH, B Apyrue obOpasipl ObLIH
BHeCeHbl HedTenmpoayKThl (cbipas HedTb), YTOOBI €€ KOHIEHTPAIUs COCTaBJIsAsIa 3000 MTI/KT
rpyHTa. Ha mpuUroToByIeHHBIN TPYHT OBLIM BBICESTHBI CEMeHa TOPYHUIIbI, OBCA, MIIEHUIbI, TUMEHS
IIPU PA3JIMYHBIX YCIOBUAX. J[JIsl yJIydIlleHUs yCJIOBHH KyJIbTUBUPDOBAHHS B KaMEHHCTBHIA TPYHT
OBLIN BHECEHBI PacTBOp l'esbpuress, copep:Kaliui BayKHEHINNE MAaKpPO3JIEMEHTHI, JIMTHOTYMAT
kanuiHbI Mapka b 1 j1/ra (OOO «Arpo Jkcnept I'pym), ®eptukc Mapka A 1 s1/ra (OO0 «Arpo
dkcnept ['pym), MireHUYHAA cOJI0Ma U IIpernapaT Ha OCHOBe MPUPOAHOro MuHepasa oumodura YT
200 MJI/ra.

dkcnepuMeHT mnokasan (PucyHok 4), 4To ropuyuna M OBeC JIydllle IMPUCIOCOOUJINCH K
yCJIOBUSIM CWJIBHOKAMEHHCTOIO TpyHTa U 3arpsA3HeHHOW HedTbi0 MouyBe. PexoMeH/10BaH
O/THOBPEMEHHBII BBICEB B COJIOMY OBCA U TOpUHUIIBI Oesioi. TU pacTeHus o00J1alayii BBICOKOU
YCTOMYUBOCTBIO U TOKA3JIN HAWJIYUIIINE Pe3yJIbTaThl B MO/IEJTbHOM OIIBITE.
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TPyHT TPYHT, FPYHT FPyHT,
3arpsisHEHHbIN 3arpsA3HEHHbIN

HedTbIO HedTbIO

",

Puc. 4. BHemHuii Bus1 pacTeHU, BhIpAllleHHbIX HA HeTe3arps3HEHHOM IrpyHTe®
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¥ 1 pAz cyleBa HAIIpaBO: KOHTPOJIb TPYHT, KOHTPOJIb TPYHT + HedTh, IpaBUi + pacTtBop l'esbpurens,
rpaBuii + pactBop I'enbpuresns + HedTb;

2 pAA cjeBa HampaBo: IpaBuii+gurdHorymar Mapka B, rpaBuii+iaursorymatr Mapka b + HedTb,
rpaBuii+ ®eptukc Mapka A, rpaBuii+ ®eptukc Mapka A + HeDTh

3 pAJ ceBa HalpaBo: TPaBUU + cojioMa, TpaBUU + cosioMa + HedTh, rpaBuil + YT, rpaBuii + YT +
HedTh

Jnsa co3paHus 6JarONPHUATHBIX YCJAOBUM JJI CeMSH, B PEKYJIbTUBUPYEMBIA TPYHT CJIEZIyeT
BOUTH JIepeBSHHBIE KOJIBIIIKU Ha PACCTOSAHUU 1 M JIPYT OT APYTa, MEXK/AY KOJIBIIIKAMH Pa3MeCTUTD
BETKM JIEPEBBEB JIUCTBEHHBIX IIOPOJ, A CpeJU HUX YJIOXKUTH COJOMY PBIXJIBIM CJIOEM.
PacruresibHBIN MaTepUas CaeAyeT YBIAKHUTb.

CrenyeT mpoBecTH IpeAIoceBHYI0 00pabOTKy ceMsAH mpemnapatoMm JlurHorymar mapka b
KaJIMAHBINA, HOpMa pacxojia — 0,5 Ji/T. Pacxon paboueii sxuikocTy 10-15 j1/T. Biarogaps BbIcOkoMy
cruMmysupyomeMy 3¢gdexty 06paboTka IIOCEBHOTO MaTepHasia IO3BOJIUT 3HAYUTEJIBHO YCUJIUTD
pocCT U pa3BUTHE KOPHEBOM cHcTeMBbl pacTeHHI Ha IepBbIX 3Tamax pocra. Ilepes moceBoM He
cJIeZlyeT BHOCUTH MUHEpaJIbHbIE YZAOOpEHUsA, HO MOXKHO IPOBECTH IOJKOPMKY MHUHEPAIHHBIMU
yIoOpeHUsAMU BO BpeMsI BereTaIuu.

B xauecTBe OpraHOMUHEPAJIBHBIX YIOOPEHUN BO3MOKHO HCIIOJIB30BATh TBEPJYIO (PPAKIIUIO
TOPOJICKUX OBITOBBIX CTOUHBIX BOZ (Hedenpena, 2013).

3.1. TexHoJiornueckasi 4acTh

I ouncTKY TPyHTa 0BT BEIOPAH MEXaHUYECKUIH METOJ], 8 MIMEHHO, MEXaHUUECKUU crocob
OYMCTKHU TPYyHTa C YaCTUYHOM IIPOMBIBKOUM U MOCJIEAYIOIed peKyJIbTHUBAIlMel IMyTeM HaHeCeHUs
IUIOJTOPOTHOTO cJIos1 TTOUBBI (AreeB, 2016). bosee appeKTUBHBIM CIIOCOOOM OYHMCTKH IOYBBI OT
ruapo¢dOOHBIX 3arpsA3HUTENEN ABJISETCSA ee IPOMbIBaHME B OapabaHax ¢ ucrosbp3oBanueM ITAB.
ITocsie TPOMBIBKH TPYHT OTCTauBaeTcs B CIIEIUAJIBHBIX €MKOCTAX W KOHTelHepax, Iocje 4ero
OCYIIIeCTBJISIETCS €r0 pa3/iesieHue.

Ha ocHOBaHMM TIpOBEJIEHHBIX BKCIEPUMEHTAIbHBIX wuccaenoBanuii I[IAB Sokolan wu
neHoracutenab AF5503 sABIAIOTCA MeHee TOKCUYHBIMU /IS JajbHeUIel peKyJIbTUBAllUU IIOYB U
100aBJISIOTCS B BOAY JJIS1 YaCTUYHOUN IIPOMBIBKY MTOYBHI.

BpUIO BBIABIEHO, UYTO TAaKHe PACTEHHUS-CHIEPAThl KaK TOpYHIla U OBec Haumbosee
pUCIIOcobJIeHBI K YCJIOBHSAM CHJIBHOKAMEHHCTOTO TPYHTa, YTO HEOOXOIMMO /IS JajabHeUInen
PEeKyJIbTUBAIUH.

[IpoBemeH pacuer MaTepUATIBHOTO OajlaHca TEXHOJOTUH. PacueT pacxofa ChIpbA
IIPOU3BOAUTCS 1O BHIOPAHHBIM IMapaMeTpaM TEXHOJIOTHYECKOTO IPOoIlecca, a TaKKe IO MOTEPSM,
KOTOpble OBbLTM TIPUHATHI ]IS TPOM3BOJACTBA JAHHOTO BHUA U3ZJenus. PacueT MOXKeT OBITH
IIpOU3BEJIEH U JJIs MPOU3BO/ICTBA B IEJIOM, U IO OTAEIbHBIM €ro CTaUAM.

J1711 IOJTHOTO y4eTa BCeX IMOTePh Mbl HAYIH pacueT MaTepHaJIbHOTO OasaHca C MOoC/IeTHeN
CTa/INU:

Pi

—  _ Ni
1-si

Pi — macca BelecTBa ITOCTyIIAOIAs B JAaHHBIN JTAlT;
Si — moTepu Ha IaHHOM 3Tarlle;
Ni — Macca BelllecTB JIIsI pacxo/a.

Cragus noATOTOBKU
Ha craguio noAroToBKY MOCTyIAET 1,016 T 3arpA3HeHHOro rpyHTa. I[loTepu cocrasuwiu 1,5 %.

1.000
0.985

=1.016m

ITorepu coctaBuau 0,0160 T = 16 KT

Cramusa OYUCTKHU
Ha craguro3ouncTky nocTynaer 1,1044 T
ITorepu cocraBunu 8 %
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1.016

= 1.1044 m

ITotepu coctaBuiu 0,088 T = 88 Kr

Cranusa paznenenus das
Ha craguio4pa3ssenenns das mocrynaer 1,1381
ITotepu 3 %

1.1044
—— = 1.1381m
IloTepu cocTaBuim 0,034 T = 34 KT

MarepuasipbHbIi ~ OQIaHC  TEXHOJIOTHHM OYHMCTKA  CHJIBHOKAMEHHCTOTO TpPyHTa  OT
HedTe3arpA3HUTENEN IpUBeieH B Tabsmie 2.

Ta6smna 2. MarepruaybHbIA OIAHC TEXHOJIOTHH OUHCTKU CHJIBHOKAMEHUCTOTO TPYHTA
oT HedTe3arps3HUTENEN

IIpuxon Pacxopn,

CraTpsa mpuxoza Macca, kr w, % CraTps pacxona Macca, kr w, %

Craziyst MOATOTOBKHU 1138 Crasiyist HOATOTOBKU | 34 3

Cragus OUUCTKU 1104 Cragus O4UCTKU 88 8

Crasua  paspgesieHus | 1016 Cragua paspesieHus | 16 1,5

dasz da3z

Hroro Miycx 100 Hroro Mon 100
1138 1000

OcHOBHOM ammapar

AHayM3 TEXHOJIOTMU OYHCTKU CHJIBHOKAMEHHCTOTO TpPyHTa OT HedTe3arpasHuTeaen
IIOKa3aj, 4YTO HEeOOXOAUM CMECHTEIb JJIsi CTaJud IIPOMBIBAHUS IIOYBBI C Boyiod u ITAB.
[MoaxomsaIuM cMecuTesIeM JJIs1 JAHHOU CTA/IUH SIBJISIETCS 33KEKTOPHBIA THAPOCMECUTENTh, TAK KaK
OH T1IO3BOJIAET CMeNIMBaTh TPYHT C JKUAKOCTBI0O C MaKCUMaJIbHOU 3(PPeKTUBHOCTHIO.
K npeumymiectBaM amnmapaTta OTHOCUTCS BBICOKUU YpPOBEHb IIPOU3BOJUTEHBHOCTH, IIPOCTOTA
SKCIUTyaTalliy ¥ MOHTAa, a TaK>Ke HeBBICOKME PACXObI.

O1eHKa TeXHUYECKOTO pellleHus C TOYKU 3peHUs SKOHOMUYECKOH 5¢d(PeKTUBHOCTH, SHEPTO-
U pecypcochepeKeHUs U SKOJIOTUYeCKO 6€3011acHOCTH

BriOpaHHasA TEXHOJOTHSA MeXaHWYeCKOM OYHCTKU CHJIBHOKAMEHHCTOIO TPYHTa II03BOJIAET
COXPaHUTh TaKue BTOPUYHbBIE PeCyPChI Kak HedThb, BoAa. B mpoBeneHun paboThl HepTe3arps3HEHHBIH
TPYHT IPOXOJUT CTAJMI0 OYHCTKH, 3aTeM IIPOWCXOJIUT OYHCTKA BOAbI OT Heptm u I[IAB, Takum
obpa3zom oTtzessieTcs HeTh, a 3aTeM BOZia ounIaeTcs ot mpuMmecu [IAB u meHoracuresei.

Jnsg  MexXaHWYEeCKOH OUYHMCTKA CHUJIbHOKAMEHHCTOTO TpyHTa OBLIO  IIPEJIOKEHO
ucnoab3zoBanue ITAB Sokolan u II9T'600, a Taxke memoracutenb — AF5503 u Ilenrta 465.
Ha ocHOBaHWM IIPOBEIEHHBIX SKCIIEPUMEHTATbHBIX uccaenoBanuil I[IAB Sokolan u meHoracurespb
AF5503 ABJIAIOTCA MeHee TOKCUYHBIMU JJIA JaJbHeUIed peKyJIbTUBAUUU MOYB, 3¢h¢PEeKTUBHBIN
crocob TOBBINIEHUs IOKas3aTesis IUIOJIOPOJMA IMOYBBI — HCIOJIb30BaHUE PaCTeHUH-CUIEPATOB.
Takue KyJbTypbl O0TaThl a30TOM, KpaxMasioM, OeJIKaMu, YTO PEUIUT PsAJi Ipo06JeM PeKyJIbTUBAIUN
IJIOZIOPOHOTO CJI0SI IOYUBHI.

B xavecTBe OCHOBHOTO anmnapata 6bLT BBIOpAH 3?KEKTOPHBIN THAPOCMECUTEIb, 000PY/IOBAaHHE
II03BOJIAET JI0OUTHCA BBICOKOM CTENEHU OYMCTKU IIyTEM IPOMBIBKU 3arpA3HEHHOU IOYBBI IOJ
BBICOKMM HAIlOpOM BO/IBI.

Ilocne cragmu TpoMbIBKU 3arpsidHeHHas HedThio m [IAB Boja momamaeT Ha CTafulio
OUYMCTKH, I7ie HePTh BBITECHAETCA C MOMOIIBIO /1e3MYJIbraTOpOB. DTU BelecTBa NPUMEHAITCS B
Jlo3ax OT 5 JI0 50 T Ha 1 TOHHY. [leamyspratopsl BbITecHAIOT IIAB, copepxkainuecs B cMmecu
HedTenponykToB u BoAbl. JloGaBiieHUWe [1€5MyJIbraTOOB II03BOJIAET DPAa3JesuTh BOLY U
He(TenpoAyKThI U obecredunTh 0Opa3oBaHUE KPYIHBIX Karesb HedTenpoaykToB. Takoil crocob
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TI03BOJISAET BBIAEIUTD A0 95 % HedTuU.

[IpuMeHsaeMoe TEXHUUECKOE pellleHUe SBJISAETC:

- 9KoOHOMHUYecKU 3(hGEKTUBHBIM, TaK KaK BBeleHUe BbIOpaHHbBIX [IAB u meHoracuresen
M03BOJISIET COKPATUTh JIOMIOJIHUTEIbHBIE PACXO/bI Ha IIPOMBIBKY IIOUBBI, 4 TAKXKE B MIPEJI0KEHHON
TEXHOJIOTHH IIPOUCXO/IUT BhIieJIeHNe He(pTU U3 CTOKOBOM BOJIBI C IOMOIIBIO IUIMYJIBIaTOPA;

- DHepro- u pecypco3ddeKTUBHBIM, TaK Kak HCIOJIb30BaHue IIAB 1O3BOJIUT COKpATUTH
pacxo/ibl BOABI HA ITPOMBIBAHHE IMOYBBI, a TAaK)Ke OYHCTKA HE(PTH C MOMOIIBI0 JUIMYJIbraTopa
IT03BOJISIET COXPAHUTDh TAKOU pecypc- Kak He(Th;

- DKOJIOTUYECKH Oe30TacHBIM, TaK KaK Ha OCHOBE IIPOBEJEHHBIX SKCIIEPUMEHTATbHBIX
HccaeoBaHui ObLTH BRIOpaHbI HauMeHee TOKcuuHble [TAB, 4TO MO3BOIUT 3HAYUTEIBHO OBICTPEe
BOCCTAHOBUTD IVIOJIOPOAHBIN CJIOH ITOYBBI /IS MIOCIIETYIOIIET0 UCTIOTb30BAHMS.

B mpesioxkeHHOU TEXHOJIOTHH NMPeAyCMOTpeHa CTafus pasjesieHus ¢as, rae oTAeleHHas
CTOYHAs BOJIa MPOXOAUT CTAJIUI0 OYUCTKU U BO3BpAIlaeTcs B IIPOM3BOJICTBO. A OT/eJIEeHHbIE B
Ipollecce cermapanuyd KaMHU (Ha BXOZle MBI MMe€EM 3arps3HEHHBIH CHJIbHOKAMEHUCTBIH TPYHT)
XpaHUTCA B €MKOCTSX, IIOCJIE Yero MOXKeT OBITh HKCIIOJIb30BaH IIPH CTPOUTEJIBCTBE JIOPOT
(Ha cTaguu 3aChINIKN).

PecypcocOepeskeHre obecrieunBaeTcsi BO3BpPAaTOM OYHIIEHHOW BOJIBI B IIPOU3BOJICTBO,
a TakKke oTheleHrneM HedTenpoaykToB. OOGpa3oBaBIIascs IIOCJIE OYHMCTKH TPYHTA U OTHEIEHUS
HedTenpoAyKTOB BOZla BO3BpAIllaeTCs B IIUKJ OYHCTKH. M3 moJIydeHHOTO HedTenuiaMa
OT/EJISIIOTCSA HePTEMPOAYKThI, KOTOPhIE MOKHO BTOPHUYHO HCIOJIb30BaTh. Bee 3TO leytaeT mporecc
Oosiee skoHOMHUYECKH 3(PPEeKTUBHBIM U pecypcocOeperatomuM. CpaBHUTEIbHAS XapaKTEPUCTHKA
TEXHOJIOTHH OYHCTKU CHJIbHOKaMEHHCTOTO TPYHTA IIpe/icTaBieHa B Tabsuiie 3.

Taosmmma 3. CpaBHUTEIbHAS XapAKTEPUCTUKA TEXHOJIOTUH OUYNCTKH CHJIbBHOKAMEHHUCTOTO TPYHTA

ITapameTp N3navanbHaa IIpensoxxkenHan TEeXHOJIOTUA
TEXHOJIOTUA  OYMCTKM | OUUCTKU CWJIbHOKAMEHHUCTOIrO
CWJIbHOKAMEHUCTOIO IpyHTa
TpYHTa

dHepro- u | I'pyHtr npoxoaut craguio | 'pyHT  mocje  CcTafud  OYHCTKU

pecypcosddEeKTUBHOCTD | OUUCTKH, BOJA c | Bo3BpamaeTca Ha Mecro  cbopa,

npumecaMu cOpaceiBaercs, | a 3arpsi3HeHHas npumecsmu  (ITAB,
a TpyHT Bo3Bpamaicsai Ha | Hepts) Hedtsr mpoxOmUT cTaAHIO
MecTo coopa OYHCTKU c HCII0JIb30BAaHUEM
IUSMyJIbraTopa, IIOCje 4Yero OHa
MIPAKTUYECKU He TepsieT CBOUX CBOUCTB,
BOJIa MIOCTYTAEeT Ha CTAJUI0 OYMCTKHU U
BO3BpAalllaeTcsl B IPOU3BOJICTBO

JKoJIoThYecKas I'pyaT Bo3Bpamaerca Ha | [pyHT OpOXOAWT CTafUI0 OYUCTKU C
6e3011acHOCTh MecTo cbopa SKCIEPUMEHTATIbHO BBIOPaHHBIMU
HanMeHee TOKCUIHBIMU [TAB, KoTOpBIE
obecrieunBalOT COKpAIlleHHE CPOKOB

peMenuanuu pacTeHUsAMU-
cujepaTamMu

DKOHOMUYeCcKas - JKOHOMUYeCcKas 23¢GGEKTUBHOCTD

93¢ PeKTUBHOCTD obecrieuriBaeTcsi BO3BPATOM BOJIBI B

MIPOM3BOJCTBO, HedTh IOCJIE CTAAUU
OYMCTKU Ha BBIXOJIe IIPAKTUYECKU He
TepsieT CBOMX cBoUcTB. 'paBuil mociie
cTauu cenapanuu MOXKeT
HCIIOJIb30BAThCS B CTPOUTEJIHCTBE

MexaHu4yecKU# crocob OYMCTKU IpyHTa Hambosee 3¢d@eKTUBEH MO CPAaBHEHUIO C APYTUMH
Mertozamu. IIpu 3TOM cmocobe pgocturaercsi BbICOKasA 3G@EKTUBHOCT OYHCTKU IS
CIJIbHOKaMEeHHCTOTo rpyHTa. Ilo cpaBHEHUIO ¢ aHAIOTaMU OYHCTKA IPYHTA IIPOUCXOIUT ObICTpee 1
C HAWMEHBIINM BpeAOM Ui OKpyKamomleld cpenpl. Ha BbIXoZie TPYHT BO3BpAIlaeTCH.
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JIJ1s1 BOoCCTaHOBJIEHUSA IUIOAOPOAHOI0 CJI0A PEKOMEHJOBAHBI PACTEHUA-CUAECPATBI, TaKHE€ KaK
ropumnna GeJjiasa u OBec.

4. 3axJaoueHue

B oaHHOU paboTe oOmMCcaHbl METOABI OYHUCTKH CHJIBHOKAMEHUCTOTO TpPyHTa OT
Hedresarpsas3HuTeneld. Ha OCHOBaHMM TIPOBEJEHHOTO aHaIM3a ObUT BbIOpaH Haubosee
9 eKTUBHBI METOJT — METOJI MEXaHUYeCKON OUYHMCTKH TpyHTa. J[OCTOMHCTBOM JIJaHHOTO
TeXHOJIOTUYECKOTO pellleHus fABJIAeTCA BblZlejieHne HepTU B XOJle OYHUCTKU HedTe3arps3HEHHOTO
TPYHTA, IPU 3TOM HeTEIPOAYKTHI MOTYT OBITh BbIZIeJIEHBI U3 HedTel1ama.

Bputn mpoBeJieHbl SKCIIEpUMEHTAIbHbIE UCCIEA0BAHUA /IS BRIOOpAa HaMMeHee TOKCHYHBIX
[TIAB u mneHoracuTeseid, HCIOJIb3YyEMBIX B TIPOU3BOACTBE. Ha OCHOBaHUM WPOBEIEHHBIX
DKCIEPUMEHTAJIbHBIX HCCJIEIOBAaHUM OIpENeNWIN PpacTeHUA-CUAepaTsl JJid IOoCJIeyolei
PEKYJIBTUBAIIUY MTOYBBL. BHIOOp pacTeHUil /Ui JayJbHEHIero BbIiceBa JOJDKEH ONpeNeAThCA Ha
OCHOBAHUM YCTAHOBJIEHUS IOKa3aTesed aKKyMYJIALUU TsKeJIbIX MeTaJUIOB B HAJI3€MHBIX YacCTAX
pacteHuH 1 K03DDUIMEHTOB X ITEPEHOCA B CUCTEME «II0YBA-KOPHU-HA/I3€MHAs YacTh PaCTEHUH»
10 MAaKCUMaJIbHBIM 3HaUE€HHUAM 3THX IIOKa3aTesieil.

Jl711 BOCCTAHOBJIEHWs €CTECTBEHHOI'O IUIOOPOAYA TPYHTAa PEKOMEH/0BAaHO BHeCeHHe
COJIOMBI U TIpefnoceBHass 06paboTka ceMsH npernaparoM JlurHorymar mapka b xamuitaeiii (OO0
«Arpo dkcneprt ['pym).

JlocToMHCTBA IPE/JIOKEHHOTO  MeTO/AAa 3aKJIIYaloTess B TOM, UTO IOBBIIIAeTCHA
SKOHOMHMYECKHUU II0Kas3aTejb IMPOU3BOJACTBA, TO €CTh IIPOMCXOJUT YBeJIMYEeHHEe KadecTBa
ouuileHHOro rpyHra. Vcnosb3oBanue 3¢d@dEKTUBHBIX U HauMeHee TOKCHUYHBIX I[IAB mosBosiser
MOJIy4aTh IPYHT, KOTOPBIU K MOCTIEAYIOEN PeKYIbTUBAIIMN PACTEHUAMH, a TAaKKe UCII0JIb30BaHUeE
JIUBMYJIbraTOPOB IPU OYUCTKE MO3BOJIAET COXPAHATH /10 95% HedTH, UTO JejlaeT TEXHOJIOTHIO
SKOHOMUYECKH U pecypco-3¢dPeKTUBHOU.

B pabore wusydyeHbl TeopeTHUYeCcKHe OCHOBBI BBIODAHHOIO cHocoba, U3y4eHO BIIUSHUE
IapaMeTpoOB IIpoliecca Ha MOoJIyYeHNe 33/IaHHOTO IIPOAYKTa. B cooTBeTcTBIU ¢ TPeOOBAHUAMU ObLI
BbIOpDAaH OCHOBHOU ammapar — B3KeKTOPHBIN rujpocMecuresib. K mpenmyiecTBaM amnmapara
OTHOCHUTCS BBICOKUU YPOBEHb IPOU3BOJIUTEIHBHOCTH, IIPOCTOTA HKCIUIyaTallUU U MOHTa)Ka, a TaK>Ke
HEBBICOKHE PACXO/BbI.

5. baiarogapHaocTu

CraThs1 BBINIOJIHEHA MPH MOAZEpKKe MUHHCTEDCTBA HAyKH M BBICIIETO0 0OOpa30BaHUSA
Poccutickoyt ®eziepanii B COOTBETCTBHU C coryiameHueM NO 075-15-2022-317 OT 20 amnpesis
2022 ro/ia 0 MpeJIOCTAaBJIEHUH TpaHTa B Buje cyocuauu u3 ®enepanpbHoro Owopkera Poccuiickoit
Oeneparuu. Pezepanus. I'paHT mpesiocTaBiieH AJisA TOCYAAPCTBEHHOW IOAJEPIKKUA CO3JaHUSA U
pasBuTHsa HaydHOTo 1eHTpa MUPOBOTO YPOBHSI « ATPOTEXHOJIOTHHU OYIyIIETO».

The article was made with support of the Ministry of Science and Higher Education of the
Russian Federation in accordance with agreement N2 075-15-2022-317 date April 20. 2022 on
providing a grant in the form of subsidies from the Federal budget of Russian Federation.
The grant was provided for state support for the creation and development of a Word class
Scientific Center “Agrotechnologies for the Future”.
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4 PoccuiicKUil TOCYZIJapCTBEHHBIN arpapHbIii yHUBEpPCUTET — MOCKOBCKAs CEIbCKOXO3AHCTBEHHAA
akanemusa umenu K.A. TumupsszeBa, Mocksa, Poccutickas ®eneparus

AnHoTtamusa. llenpio uccienoBanuss ObIa pa3paboTka TeXHOJOTHU B(PPEKTHBHOU WU
0e30MacHOM OYHMCTKH U (UTOPEMeHAIUN CUJIbHOKAMEHUCTOTO HedTe3arpsA3HEeHHOTO TpYyHTAa.
[TprMeHeHUE TEXHOJIOTHH MEXAaHUYECKOW OYHCTKH IPEICTABJISIOCH PAI[MOHATIBHBIM, ITOCKOJIBKY
He TpeOOBAJIO OCOOBIX 3aTPAT HA U3BATHE IIOUYBBI U €€ TPAHCIOPTUPOBKY. [TABBI, cypdakTanTs! u
JIDYTHE BeIeCTBA WCIOJIB3YIOTCS IS OYHUCTKH IIOYBBI OT HeQPTAHBIX 3arps3HeHUid. BbLio
MPEJIOKEHO UCHOJIb30BaTh [IABBI, mpegHasHaueHHblE I IIUPOKOTO WCIOJB30BAHUS B
MIPOMBIIIJIEHHOCTH, B CBSI3U C MX JIOCTATOYHOM H3YYEHHOCTHIO U JOCTymHOCTHIO. IIAB Sokolan u
neHoracureb AF 5503 ObUIM HauMeHee TOKCHUYHBIMH [l JaJbHEUIeHd PeKyJIbTUBAIUN TIOYB.
TexHOIOTHUS OUMCTKH HedTe3arpss3HEHHOTO IPyHTA MIPeAyCMaTPUBAET UX BBEJEHHE B allllapar Jjist
6ostee 3(PHEKTUBHOTO OT/EIEeHNsI KOMIIOHEHTOB HETH OT 3arpsi3HeHHOro rpyHTa Ilpemaparsl He
OyZyT BHOCHTH BKJIaJ, B TOKCHYHOCTh CTOYHBIX BOJ M OTMBITOTO TPyHTa IpPHU JaJbHEHIen
PEKyJIbTUBAIMHM ILJIOJIOPOTHOTO CJIOSA TOYBBL. [IprMeHeHWe CHIEpPaTOB ITO3BOJISET YJIYUIIUTh
COCTOSIHME II0YB M CO3/IJaTh YCJIOBHA JUIA Pa3BUTHSA MUKPOQJIOPHI, YYacTBYIOIIEH B
TpaHchopMaruu HepTenpoayKToB B ouBe. HedpTh oka3biBaeT maryOHOe BIIMSIHHE HA JTUHAMHKY
pocta ceMszioield U cTebsis MOACOTHEUYHUKA. JIYUIIyl0 BCXOKECTh IOKa3aJli CeMeHA TOPYHIIHI.
Kpome Toro, mimeHwuIia, mupUIA, OBeC U SIYMEHb BBDKHBAIOT Ha He(Te3arps3HEHHOU MOYBE U
MOTYT OBITh KCIIOJIb30BaHbI /U puTOpeMenuanuu. ['opuniia U oBec JIydile MPUCIOCOOUIUCH K
YCJIOBUSIM CHJIBHOKAMEHUCTOrO He(Te3arps3HEeHHOTO TPYHTa. PeKOMeHJI0BaH OIHOBPEMEHHBIH
BBICEB B COJIOMY OBCa W TOpYHIlbI Oesoii. CieayeT MPOBECTH MPEAIIOCEBHYI0 00pPabOTKy CeMsH
npenapatoM JlurHorymar mMapka b kanauiiHbIE, HOpMa pacxoda — 0,5 JI/T, pacxon pabouei
JKUIKOCTH 10-15 J1/T. OOpaboTKa MOCEeBHOTO MaTepHajia MO3BOJIUT 3HAUYUTETBHO YCHUJIUTH POCT U
pa3BuTHE KODHEBOHM CHCTEMbI pACTEHHH Ha IEpPBBIX 3Tamax pocra. Ilepes moceBoM He Ciemyer
BHOCUTh MHUHEpPaAJIbHBIE YyIOOpEHUs, HO MOXKHO ITPOBECTH IOAKOPMKY MHUHEpPaJIbHBIMHU
yZloOpeHuAMU BO BpeMs BereTanuu. B KadyecTBe OpraHOMHMHEPAJIBHBIX YI00pPEHUH BO3MOKHO
HCIIOJIH30BATh TBEP/IYIO (DPAKIIUIO TOPOACKUX OBITOBBIX CTOYHBIX BOJI.

KiaroueBbie ciaoBa: Triticum aestivum, Avena sativa, Hordeum vulgare, Sinapis alba,
Amaranthus albus, kameHUCTBIHN IPYHT, IPOMBIBAHHE IPYHTA B 6apabanax, [TAB.
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Abstract

The paper presents the studies in the field of toxin-forming phytopathogens of plant raw
materials prevention. The studied isolates can be used as potential agents of biological control of
fungal infections (Fusarium, Verticillum, Alternaria, Chaetomium, etc.) in agriculture. In the
experiment, when silage was contaminated with the phytopathogen Chaetomium, sanitary
indicators deteriorated, namely: the crude protein content when exposed to the phytopathogen
Chaetomium became 26 % below control; the concentration of acid-detergent fiber when exposed
to phytopathogen became lower than control by 28 %; the moisture content in the second group
increased by 11 %; the concentration of dry matter when exposed to phytopathogen became lower
than control by 36 %; the silage acidity index when exposed to phytopathogen became higher than
control by 22 %; the concentration of lactic acid in the group with the use of the phytopathogen
Chaetomium decreased by 20 %, the concentration of acetic acid decreased by 17 % compared to
the control group. The use of isolates in corn silage contributed to the improvement of chemical
parameters and increased nutritional value. Also, strains of Bacillus spp., Lactobacillus spp.
Lactococcus spp. and 5-hydroxy-6-methyluracil can be used in the development of new effective
drugs to combat various groups of pathogenic microorganisms.

Keywords: plant feed, corn, silage, dry protein, antagonism, opportunistic microflora,
isolates.

1. Introduction

The principal methods of combating phytopathogenic microorganisms are the use of
chemical preparations or biological agents, including probiotics and antibiotics (Sharma et al.,
2009; Valiullin et al., 2020; Mukhammadiev et al., 2021). Phytopathogens in food raw materials
can form secondary metabolites or mycotoxins that are toxic to humans and animals and highly
stable in the environment. Mycotoxins of fungi of the genus Fusarium, Verticillum, Alternaria,
Chaetomium, etc. are common in temperate latitudes because climatic conditions are suitable for
development and reproduction in plant raw materials. Agricultural products and feeds affected by
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microscopic fungi change their nutritional value and become toxic to human and animal health.
Such products and feeds can cause disorders of the nervous system, liver, kidneys, immune system,
and disrupt reproductive ability. Chemicals are widely used in agriculture to protect food raw
materials of plant origin, but they can accumulate in soil and food products, which negatively
affects human health. Biological agents are safer, but their use is not always effective due to limited
use and low stability of action (Valiullin et al., 2020; Tao et al., 2023; Bikmullin et al., 2023).
Recently, studies have been conducted that have shown the possibility of using nanoparticles to
combat phytopathogenic microorganisms (Li et al., 2019). Nanoparticles are able to penetrate into
fungal cells and destroy them, thereby reducing damage from plant diseases (Miedaner et al., 2017;
Zgadzay et al., 2021; Afordoanyi et al., 2022). However, the use of nanoparticles can also have a
negative impact on the environment and human health, so it is necessary to conduct additional
studies to assess their safety.

In general, the development of new methods for improving the safety of feed and combating
phytopathogenic microorganisms is an urgent problem of agriculture, which requires an integrated
approach and the introduction of innovative technologies (Valiullin et al., 2020; Miftakhov et al.,
2022; Kosolapov et al., 2023).

In this regard, the purpose of this study was to search and develop a microbial community,
assess its potential as an inhibitor of the development of phytopathogens, as well as improve the
quality indicators of plant feeds.

2. Methodology

An isolate antagonistic activity was determined using the agar blocks method with
assessment and delayed antagonism. The isolates were sown in Petri dishes on a meat-peptone
agar (MRS, HMS media) surface at a temperature 37°C until a "continuous lawn" formation. Then,
with a sterile cork drill, the isolate blocks were cut out of the agar surface and transferred to the
MPA surface (Chapek growing medium), which was previously seeded with a pathogen test culture
in another Petri dish. A pathogen cultivation without an isolate was a control option. The dishes
were incubated in a thermostat at a temperature circa 26-—37°C. The data were recorded on the
ond gth and 7t days of experiment. The studies were carried out using the methods of
microbiological analysis in accordance with the methodology presented in (Nielsen et al., 1999;
Fogle et al., 2007; Cheremisin et al., 2021).

Two experiment in the different options were carried out.

Experiment I: 1 — silage not subjected to isolate addition — control; 2 — silage preserved using
an isolate containing Lactococcus lactis; 3 — silage preserved using an isolate containing
Lactobacillus plantarum; 4 — silage preserved using an isolate containing Bacillus subtilis; 5 — silage
preserved using isolates containing Lactococcus lactis, Lactobacillus plantarum and Bacillus.

Experiment II: 1 — silage not subjected to phytopathogen Chaetomium and isolates — control;
2 — silage contaminated with fungi Chaetomium; 3 — silage contaminated with mushroom
Chaetomium and canned using an isolate containing Lactobacillus plantarum; 4 - silage
contaminated with fungi Chaetomium and canned using an isolate containing Lactococcus lactis;
5 — silage is contaminated with Chaetomium fungus and preserved using an isolate containing
Bacillus subtilis; 6 — silage contaminated with Chaetomium fungus and preserved using isolates
containing Lactococcus lactis, Lactobacillus plantarum and Bacillus subtilis; 7 — silage
contaminated with Chaetomium fungus and preserved using isolates containing Lactobacillus
plantarum and Bacillus subtilis; 8 — silage contaminated with Chaetomium fungus and preserved
using 5-hydroxy-6 compound-methyluracil; 9 — silage contaminated with Chaetomium fungus and
preserved using isolates containing Lactobacillus plantarum, Bacillus subtilis and the 5-hydroxy-
6-methyluracil compound.

The organic acid concentration was determined in accordance with the GOST R 55986-2014
https://files.stroyinf.ru/Data2/1/4293772/4293772192.pdf. The silage pH value was measured in
extracts using a pH meter (150-MI). The silage dry matter content was determined according to the
GOST 31640-2012 https://internet-law.ru/gosts/gost/52337/. The nitrogen and crude protein
contents were determined according the GOST 13496.4-2019  https://internet-
law.ru/gosts/gost/71526/.
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3. Results

A bacterial strains Bacillus spp., Propionibacterium spp., Lactobacillus spp. and
Streptomyces potential as biological means for plant raw materials protection was first described
in the early 20t century [15]. The researchers have noticed that the of lactic acid bacteria strains
protect harvested plant raw materials from a development of the microscopic fungi producing
mycotoxins and pathogenic microorganisms. The data on the antagonistic activity of isolated
microorganisms study against the toxin-forming fungi are presented in the Table 1.

The microorganisms N3, 6, 8, 10, 14, 16, 18, 22 and 27 with the most biochemical activity
(proteolytic, cellulolytic, etc.) were selected to further research focusing on their ability to suppress the
growth and development of toxin-forming microscopic fungi in food raw materials of plant origin.

Table 1. Antagonistic activity of isolated microorganisms to toxin-forming fungi

Test microorganism Isolate
culture

3 6 8 10 14 16 18 22 27
Fusarium sp. + |- - - + - - + Z
Verticillum sp. - |+ - - - - - - -
Alternaria sp. - - - + + - _ _ T
Pinicillum sp. + |- - - + - - _ _
Chaetomium sp. - |+ - - - + - + -
Aspergillus sp. + |- + - - - - - +
Note: "-" — absence; "+" — antagonistic activity

The data of the Table 1 proved an overwhelming resistance to Fusarium sp. in the isolates 3,
14 and 22. The isolate N96 showed an antagonism to the phytopathogen Verticillum sp.
The isolates 10, 14 and 27 developed an antagonism towards Alternaria sp. The isolates 3 and 14
showed a suppression of a toxin-forming micromycete Penicillium sp. growth. The isolates 6,
16 and 22 showed an antagonism to the phytopathogen Chaetomium sp. The isolates 3, 8 and 27
suppressed a toxin-forming micromycete Aspergillus sp. growth.

The study of isolated microorganism antagonistic activity to the pathogenic bacteria is
presented in the Table 2.

Table 2. Antagonistic activity of isolated microorganisms to pathogenic bacteria

Test Isolate
microorganism 3 6 8 14 Combination
culture
Clostridium + - |- - +
perfringens
Salmonella - + |+ + +
Escherichia coli - + |- - +

Note: "-" — absence; "+" — antagonistic activity

From the results of the Table 2, it can be seen that a suppressive ability to Clostridium
perfringens was shown by the isolate 3 and a combination of isolates. The isolates 6 and 8 and a
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combination of isolates showed antagonism to the Salmonella pathogen. An antagonism towards
Escherichia coli was shown by the isolate N26 and a combination of isolates.

Further, we conducted the experiments to study a use of isolates in the preparation of silage
in laboratory models.

Experiment I

The qualitative indicators of silage when using bacterial isolates are presented in the Table 3.

Table 3. Qualitative indicators of silage when using bacterial isolates

KDK, % Organic acids, %
Silage Raw S Dry
sample | protein,% Humidity, % matter, % pH lactic acid acetic butyric
acid acid
283,5+ 32,74+ 3,92+ _
1 63,4+3,9 2.9 67,2+1,8 2.9 07 64,1£4,5 | 22,3+0,2
284,1+ 33,00+ 3,80+ )
2 63,7+4,1 2.9 66,1£1,9 28 0,6 63,7+4,3 23,0+0,1
3 63,8+4,0 2823’90 T 67418 | 3246226 | 370 | 641548 | 220503 | -
4 63,5+3,6 2825’9()i 66,7+1,6 33,26+2,7 Sg(f 66,3+3,6 20,140,1 -
285,0+ ,83+
5 64,9+3,9 259 67,51£1,9 32,49+2,4 30 :jr 3,29+3,8 1,33+0,1 -
*-p<0,05

From the data of the Table 3, it can be concluded that the best quality indicators of silage are
obtained when it is preserved using the isolates of experiment I, option 5 — Lactococcus lactis,
Lactobacillus plantarum and Bacillus subtilis. However, it should be borne in mind that a silage
quality may vary depending on the storage and making conditions, as well as on the quality and
composition of raw materials. Therefore, it is recommended to conduct a regular silage quality
laboratory assessment and monitor the process of its preparation.

Microscopic fungi of the Chaetomium species are ubiquitous in the environment and are
among the most common pollutants of plant raw materials due to the high activity of cellulolytic
enzymes (Fogle et al., 2007). In addition to the biological destruction of the plant substrate,
Chaetomium micromycetes can form mycotoxins of the cytochalazine family, chaetoglobosins A
and C, at levels up to 50 mkg/ml, which poses a high risk to public health (Nielsen et al., 1999).

To study the effectiveness of protective action of plant raw materials and isolates, an
experiment of artificial fungal contamination has been carried out.

Experiment I1

The silage contamination with the phytopathogen Chaetomium at a concentration of 1x102
CFU/ml: option 1 — silage not subjected to the phytopathogens and isolates (control); option 2 —
silage contaminated with fungi Chaetomium; option 3 — silage contaminated with mushroom
Chaetomium and canned using an isolate containing Lactobacillus plantarum; option 4 — silage
contaminated with fungi Chaetomium and canned using an isolate containing Lactococcus lactis;
option 5 — silage contaminated with Chaetomium fungus and preserved using an isolate containing
Bacillus subtilis; option 6 — silage contaminated with Chaetomium fungus and preserved using
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isolates containing Lactococcus lactis, Lactobacillus plantarum and Bacillus subtilis; option 7 —
silage contaminated with Chaetomium fungus and preserved using isolates containing
Lactobacillus plantarum and Bacillus subtilis; option 8 — silage contaminated with Chaetomium
fungus and preserved using 5-hydroxy-6 compound-methyluracil; option 9 — silage contaminated
with Chaetomium fungus and preserved using isolates containing Lactobacillus plantarum,
Bacillus subtilis and the compound 5-hydroxy-6-methyluracil.

The qualitative indicators of silage in a case of contamination with Chaetomium
phytopathogens against the background of the use of bacterial isolates are presented in the Table 4.

Table 4. Qualitative indicators of silage in case of contamination with Chaetomium
phytopathogens against the background of the use of bacterial isolates

——
gaillr?gie pr%(?gn, ADF, % Huncl)/idity, m]zztl"[}elzr, pH g;%iacmc zccle(}[,lc%) bqtyric
% % acid | acid acid
S e e e P e R
SN el R e el - B e
G L I PO e GO Kl eVl P el ey o
T e F A e b R P
T R B i ol A A
6. 53,445,1 fjg:; 73,1£6,1 ;9’23i2’ gﬁi‘;i igl5 ﬁg 2;70 -
S R - e ) bl A
oo [ |masea | s e on
9. 57,1£4,7 1:2357 71,2+5,7 22’17i2’ géii Zi’li i?53 2’00, 202*

* ADF — acid-detergent fiber; p < 0,05

4. Discussion

From the data obtained in the Table 4, it can be seen that a crude protein content in the silage
when exposed to a phytopathogen in the second group was 26 % lower than that in control. In the
third group, the concentration of crude protein in the silage when using Lactobacillus plantarum
was 17 % lower than that in the control. In the fourth group, the crude protein content in the silage
when using Lactococcus lactis was 21 % lower than that in the control. In the fifth group,
the concentration of crude protein in the silage when using Bacillus subtilis was 20 % lower than
that in the control. In the sixth group, the content of crude protein in the silage when using
Lactococcus lactis microorganisms, Lactobacillus plantarum and Bacillus were 16 % lower than
that in the control. The concentration of crude protein in the silage in the seventh group when
using Lactococcus lactis, Lactobacillus plantarum and Bacillus microorganisms was 17 % lower than
that in the control. In the eighth group, the crude protein in the silage content when using the drug 5-
hydroxy-6-methyluracil was 16 % lower than that in the control. In the ninth group, the crude protein
content in the silage with the use of Lactobacillus plantarum, Bacillus microorganisms and the
preparation 5-hydroxy-6-methyluracil was 10 % lower than that in the control.

The ADF concentration in the silage when exposed to phytopathogen in the second option was
lower than that in the control by 28 %. In the third option, an ADF concentration in the silage when
using Lactobacillus plantarum was lower than that in the control by 22 %. In the fourth option, an ADF
content in the silage when using Lactococcus lactis was lower than control by 24 %. In the fifth option,
an ADF concentration in the silage when using Bacillus subtilis was 23 % lower than that in the control.
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The ADF content in the silage in the sixth option when using Lactococcus lactis, Lactobacillus
plantarum and Bacillus microorganisms was 21 % lower than that in the control. In the seventh option,
an ADF concentration with the use of Lactococcus lactis, Lactobacillus plantarum and Bacillus was
20 % lower than that in the control. In the eighth option, the ADF content when using the drug 5-
hydroxy-6-methyluracil was 20 % lower than that in the control. In the ninth option, the ADF content
with the use of Lactobacillus plantarum, Bacillus microorganisms and the preparation 5-hydroxy-6-
methyluracil was 10 % lower than that in the control.

A moisture content in the silage in the second option increased by 11 % compared to the
control. The moisture content in the silage in the third, fourth, fifth, sixth, seventh options with the
use of microorganisms was higher circa 7 to 9 %, respectively to control.

A concentration of dry matter in the silage when exposed to phytopathogen in the second
option was 36 % lower than that in the control. In the third option, a concentration of dry matter
when using Lactobacillus plantarum was 16 % lower than that in the control. In the fourth option,
a dry matter content when using Lactococcus lactis was 18 % lower than that in the control. In the
fifth option, a concentration of dry matter in silage when the use of Bacillus subtilis was lower than
that in the control by 17%. A dry matter content in the sixth option when using the
microorganisms Lactococcus lactis, Lactobacillus plantarum and Bacillus was lower than that in
the control by 11 %. In the seventh option, a concentration of dry matter when using Lactococcus
lactis, Lactobacillus plantarum and Bacillus microorganisms was 7 % lower than that in the
control. In the eighth option, a content of dry matter when using the drug 5-hydroxy-6-
methyluracil was 18 % lower than that in the control. In the ninth option, a content of ADF with the
use of Lactobacillus plantarum, Bacillus microorganisms and the preparation 5-hydroxy-6-
methyluracil was 5 % lower than that in the control.

A silage acidity index when the silage exposed to phytopathogen in the second option was
22 % higher than that in the control. In the third option, an acidity index of the silage when using
Lactobacillus plantarum was 21 % higher than that in the control. In the fourth and fifth options,
an acidity index of the silage was 20 % higher than that in the control. In the sixth option, an
acidity of the silage when using Lactococcus lactis, Lactobacillus plantarum, Bacillus was 15 %
higher than that in the control. In the seventh option, an acidity index of the silage when using
microorganisms Lactococcus lactis, Lactobacillus plantarum, Bacillus was 8 % higher than that in
the control. In the eighth option, the dry matter content when using the drug 5-hydroxy-6-
methyluracil was 13 % lower than that in the control. In the ninth option, a content of ADF with the
use of Lactobacillus plantarum, Bacillus microorganisms and the preparation 5-hydroxy-6-
methyluracil was 6 % lower than that in the control.

The lactic acid concentration in the second option decreased by 20 % compared to the
control. A lactic acid concentration in the third, fourth, fifth, sixth, seventh and eighth options with
the use of microorganisms was lower by 16, 17, 16, 15, 13 and 17 %, respectively to the control.
In the ninth group, the lactic acid content was 10 % lower relative to the control.

The acetic acid concentration in the second option decreased by 17 % compared to the
control. A lactic acid concentration in the third, fourth, fifth, sixth, seventh and eighth groups with
the use of microorganisms was lower by 19, 22, 20, 17, 12 and 14 %, respectively to the control.
In the ninth group, a lactic acid content was 9 % lower relative to the control.

A butyric acid concentration in the third option decreased by 12 % compared to the second
option. A butyric acid concentration in the fourth, fifth, sixth, seventh and eighth options when
using microorganisms was lower by 19, 22, 20, 17, 12 and 14 % compared to the second option.
In the ninth option, a butyric acid content was 9 % lower relative to the second option where the
phytopathogen was used.

5. Conclusion

The studies conducted have shown that the most isolated microorganisms with antagonism
to pathogens and microscopic fungi belonged to bacteria Bacillus, Lactobacillus, Lactococcus
genera. The use of Bacillus, Lactobacillus and the preparation strains of 5-hydroxy-6-methyluracil
for silage conservation provided the most positive result in terms of the crude protein, ADF,
dry matter content and organic acids ratio in the finished silage.
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Abstract

The prevalence of microscopic fungi and their metabolites in food raw materials and
agricultural products poses a great threat to the population. Many mycotoxins are highly toxic and
resistant to various environmental factors. The drugs available on the market do not completely
neutralize these toxins. The residues of toxins can pose a threat to farm animals, causing a violation
in hematological, biochemical, reproductive indicators, a decrease in weight gain, a deterioration in
the sanitary quality of meat, milk and eggs. The comparative studies of the T-2 toxin effect on the
biological objects — protozoa and primary cell culture (Stylonychia mytilus and bull spermatozoa)
indicate a selective toxic activity of this type mycotoxin. When protozoa exposed to T-2 toxin in a
dose of 0.5 mcg/ml, cell death was 19 %. The corresponding figure for a germ cell culture was 34 %.
The protective effect of exposure to T-2 toxin on biological models was observed with the use of all
studied protective drugs. When using bentonite from the Apastovo deposit of RT, the decrease in
the death of protozoa against the background of the influence of T-2 toxin was 15 % higher
compared to the control. When using strains of microorganisms B. Subtilis and L. Plantarum
together with T-2 toxin, the death of protozoa was 10 % higher than the control. The use of the drug
KMBI-3 containing bentonite and strains of microorganisms B. Subtilis and L. Plantarum
significantly reduced the toxic effects of T-2 toxin, both on protozoan cells and on primary germ
cells. The drug KMBI-3 is a dry powder that has the potential to reduce phytopathogen toxins in
food raw materials.

Keywords: biological toxins, food raw materials, feed, toxicity, protozoa, primary germ
cells, liver cell culture, mycotoxins, T-2 toxin.

1. Introduction

Mycotoxins are one of the highly toxic pollutants of feed and food raw materials due to the
widespread distribution of their producers — microscopic fungi in the environment. Basically,
fusariotoxin — T-2 toxin is of the greatest sanitary importance in terms of frequency and prevalence
in our country. T-2 toxin is a highly toxic trichothecene produced by microscopic fungi of the genus
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Fusarium spp. These microscopic fungi are present in corn, barley, wheat, oats and other cereals,
which are common components of feed and food raw materials (Escriva et al., 2015; Zgadzay et al.,
2021; Dzhavakhiya et al., 2022; Miftakhov et al., 2022; Kosolapov et al., 2023). According to the
frequency of occurrence, T-2 toxin is found in more than 30 % of food raw materials at a level from
10 to 735 micrograms/kg, which poses a potential threat to animals and humans (Wang et al.,
2013; Kononenko et al., 2019; Bikmullin et al., 2023). The ingestion of T-2 toxin into the animal
body can cause acute or chronic effects with serious disorders in feed intake, growth and
development, negatively affects reproductive ability and health (Miedaner et al., 2017; Karmanov et
al., 2020; Gagkaeva et al., 2023). Low concentrations of T-2 toxin in birds cause a decrease in body
weight gain, egg production, egg quality and lower hatchability (Kononenko et al., 2019; Dazuk et
al., 2020). The toxic effects of the T-2 toxin include inhibition of protein, DNA and RNA synthesis
and the production of immunoglobulin. In addition, the T-2 toxin accelerates the production of
reactive oxygen species (ROS), which causes oxidative stress, further leads to inflammatory
reactions and apoptosis (Zhang et al., 2021; Sun et al., 2022). The rate of liver apoptosis and
pathology in organs worsened with an increase in the concentration of T-2 toxin, which ranged
from 0.5 to 2.0 mg/kg, which induced mitochondrial-mediated apoptosis by producing ROS and
stimulating cytochrome translocation and apoptosome formation (Yin et al., 2020). Dose 4.0
mg/kg of T-2 toxin has been reported to cause oxidative stress and inflammatory reactions and
damage to kidney function in mice (Valiullin et al., 2020; Huang et al., 2021). In addition, T-2
toxin at a dose of 0.5 mg/kg disrupted various endogenous metabolic processes, causing the
accumulation of amino acids and nucleotides in the liver, kidneys and spleen (Wan et al., 2016).
T-2 toxin affects tissues in a state of active and rapid division through several toxic mechanisms
that cause serious damage, such as the intestines, liver, kidneys, spleen and bones (Sokolovic et al.,
2008). Thus, since the T-2 toxin is widely present in animal feed, it often causes a decrease in
animal productivity and tissue damage. In animals and humans, T-2 toxin can affect the
hematopoietic and nervous systems, suppress humoral and cellular immunity. It has mutagenic,
carcinogenic and embryotoxic effects (Lucioli et al., 2013). T-2 toxin can cause apoptosis,
programmed cell death in the liver and nervous tissue (Kolf-Clauw et al., 2013).

The purpose of our research was a comparative study of the protective properties of the drug
KMBI-3 when exposed to T-2 toxin on protozoa and mammalian cell cultures.

2. Methods

To study the toxic properties of the studied doses of T-2 toxin, a method for determining in
vitro toxicity on protozoa was used. The research was carried out on the simplest Stylonychia
mytilus (GOST 31674-2012). The infusoria were divided into five equal groups: 1) the control group
without the addition of toxin and drugs; 2) the second group received T-2 toxin at a dose of
0.5 mcg/ml; 3) the third group received T—2 toxin at a dose of 0.5 mcg/ml and bentonite from the
Apastovsky deposit of RT; 4) the fourth group — T-2 toxin at a dose of 0.5 mcg/ml and B. Subtilis
and L. Plantarum strains; 5) the fifth group received T-2 toxin at a dose of 0.5 mecg/ml, B. Subtilis
and L. Plantarum strains and bentonite from the Apastovsky deposit of RT. The assessment of cell
death in infusoria was carried out on the basis of a visual analysis of their mobility. The method is
based on the fact that living infusoria are in constant motion.

The cytotoxic effect of T-2 toxin on mammalian cells was evaluated according to GOST R ISO
10993-5-2009 («Express method of toxicity assessment using bovine sperm as a test object»)
https://internet-law.ru/gosts/gost/49188/. 3 groups were formed to study the cytotoxicity of T-2
toxin. The first group served as a control; the second group received T-2 toxin mixed with strains of
B. Subtilis and L. Plantarum and bentonite from the Apastovsky deposit of RT in concentrations of
0.5 mcg/ml; the third group received T-2 toxin in concentrations of 0.5 mcg/ml.

3. Results
The results of studies on reducing the toxicity of T-2 toxin in protozoa are presented in the
Table 1, which shows the results of studies on reducing the toxicity of T-2 toxin in protozoa.

75



https://internet-law.ru/gosts/gost/49188/

Biogeosystem Technique. 2023. 10(2)

Table 1. T-2 toxicity in protozoa

Groups Time, %
20 min 40 min 60 min
1 100,0+6,5 100,0+6,5 100,0+6,1
2 95,1+6,8 90,4+6,9 81,245,8*
3 100,0+6,2 95,246,3 85,1+5,9
4 100,0+6,9 98,3+6,5 89,0+6,3
5 100,0+6,1 98,1+6,0 96,1+6,7

Reliability * p <0,05

The results of studies on the reduction of cytotoxic properties of T-2 toxin on bull
spermatozoa with KMBI-3 are shown in the Figure 1.

700

600
600 - ?

500 -

4;’_0

400 -
O KOHTpO/b

300 - E KIMM-2M

ET-2 TOKCKH
200

200 -

NOABUMKHOCTL CNEePMaTo30MA0B
HH

100 -

20 MuH 40 MuH 60 MUH

Reliability: p <0,05
Fig. 1. Cytotoxic properties of T-2 toxin on bull spermatozoa in doses of 0.5 mkg/ml.

The viability of a cell culture under the influence of T-2 toxin against the background of the use
of the protective composition KMBI-3 is shown in the Figure 2.

4. Discussion

Research on protozoa is of great interest due to the high ability to repeat the multiplicity of
the experiment, as well as from the point of view of ethical standards in relation to animal research.

From the data presented in the Table 1 it can be seen that at the 20t minute of exposure to
T-2 toxin on protozoa, no significant toxic properties were observed when compared with the
control group, after 40th minutes in the second group, when exposed to T-2 toxin, the death of
protozoa was 20 % greater compared to the control. In the third group, at the 40th minute of
exposure, the death of protozoa was observed by 5 % more than in the control group. By this time,
in the fourth and fifth groups, there was a slight (2 %) death of protozoa compared to the control
group. By the 60th minute of exposure of T-2 toxin to infusoria in the second group, the death of
protozoa was 20 %, in the third and fourth groups 15 and 10 %, respectively. In the fifth group, when
using a protective drug, the negative effect of T-2 toxin was slightly lower than the control by 5 %.
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Fig. 2. Cell culture viability under the T-2 toxin against the protective composition
KMBI-3 background

It can be seen from the Figure 1 that in the second group, by the 20th minute of the studies,
no significant changes were observed when compared with the control group. In the third group,
there was a decrease in the average sperm motility by 28 % compared to the control group.

By the 40th minute of the study, a significant change in the motility of the sperm suspension
was observed in the second and third groups by 12 and 27 % lower than in the control group.

In the second group, by the 60th minute, the decrease in sperm motility was 20 % compared to
the control group. In the third group, the activity of sperm suspension was 34 % lower than in the
control group.

In the second series of experiments, primary liver cell culture was used to study the biological
properties of T-2 toxin. The cells were cultured in DMEM medium in the presence of 10 % fetal calf
serum at 37°C and 5 % CO.. T-2 toxin was dissolved in a mixture of DMSO and 96 % alcohol in a
ratio (1:1).

13 groups participated in the experiment: the first group served as a control with the addition
of a mixture of DMSO and 96 % alcohol in a ratio (1:1) and without the addition of T-2 toxin; the
second group received 1.07x1079 T-2 toxin; the third, fourth, fifth, sixth, seventh, eighth, ninth, tenth,
the eleventh, twelfth and thirteenth groups received in addition to the cells 10.7x1079, 21.5x1079,
42.9x1079, 6.4x1078, 8.6x1078, 10.7x1078, 12.9x1078, 1.5X1077, 1.7x1077, 1.9x1077, 2,14x107 M T-2
toxins, respectively. T-2 toxin and bacterial-based compositions KMBI-3 were mixed and aged
together for 6 hours and after exposure were added to a medium with a cellular monolayer.
The concentration of bacterial-based compositions KMBI-3 was used for research in three variants:
0.4, 2.4 mg/ml.

Figure 2 shows that when T-2 toxin was exposed to cell culture, viability in the second, third,
fourth and fifth groups decreased slightly. In the sixth, seventh, eighth, ninth, tenth, eleventh,
twelfth and thirteenth groups, cell viability decreased by 26,5; 30,1; 37,5; 41,8; 47,1; 56,3; 61,9 and
66.0 % compared to the control.

When using a protective composition at a dose of 4 mg/ml, the least negative effect of T-2
toxin on cell culture was observed. Viability in the second, third, fourth, fifth, sixth and seventh
groups decreased slightly. In the eighth, ninth, tenth, eleventh, twelfth and thirteenth groups, cell
viability decreased relative to the control by 18.4; 21.2; 25.4; 30.1; 36.0 and 40.0 %, respectively.
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5. Conclusion

The comparative studies of the T-2 toxin effect in doses of 0.5 mcg/ml on the biological
objects — protozoa and primary cell culture (Stylonychia mytilus and bull spermatozoa) indicate a
selective toxic activity of this type mycotoxin. When the protozoa exposed to the T-2 toxin in doses
of 0.5 mcg/ml for 60 minutes, the toxicity was 18 %, and the spermatozoa exposed to the T-2 toxin
at the same dose and time, their activity decreased by 34 %, respectively, compared with the
control group. When using the protective composition KMBI-3 against the T-2 toxin on protozoa
for 60 minutes, their survival rate was 19 % higher compared to the group without the protective
drugs. When studying the possibility of the negative effects of T-2 toxin on living systems reducing,
it was seen that the composition of KMBI-3, consisting of strains of B. Subtilis and L. Plantarum
and bentonite from the Apastovo deposit of the Republic of Tatarstan most effectively exhibit
protective properties and are of interest for further work on the biodegradation of toxins of
biological origin.
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